A 2 s factorial arrangement of treatments was used to study main effects and interactions between particle size of prairie hay (chopped vs ground), two levels of feed intake (60 and 90% of ad libitum) and ruminal degradability of protein sources [dry corn gluten feed (DCGF) vs dry distillers grains (DDG)] on ruminal and total tract digestion in eight ruminai-and duodenalcannulated steers. Steers were fed every 2 h to approach steady-state feeding conditions. Steers fed ground hay diets digested higher (P<.05) percentages of total digestible organic matter (OM) and neutral detergent fiber (NDF) in the rumen and had lower (P<.05) nonammonia-nonbaeterial N (NANBN) flows to the duodenum than did those fed chopped hay, probably because greater surface area of ground hay allowed more extensive ruminal fermentation. Protein source • intake interactions were noted for ruminai OM and NDF digestion when expressed as percentages of total digestion. At low intakes, steers fed DCGF had higher (P<.O5) percentages of total digestible OM and NDF disappearing in the rumen than did those fed DDG. Steers fed DCGF had lower total N, NANBN and total amino acid (AA) flows at the duodenum than did those fed DDG, indicating that less DCGF protein escaped ruminal degradation. Steers fed DDG had greater (P<.O5) total tract NDF digestion, suggesting that escape protein from DDG may stimulate hindgut fermentation and thereby affect site and extent of nutrient digestion. Regression analysis indicated that extent of ruminal fermentation and efficiency of microbial growth in vivo are associated with ruminal rates of passage within individual animals. When steers were fed at high-intake levels (1.6% of body weight), ruminal dilution rates were not increased (P<.05) due to forage particle size or level of intake treatments, accounting, in part, for the lack of expected treatment differences in efficiency of bacterial growth and duodenal N flow, and for the low number of interactions between main effects.
Introduction
Replacement of urea with amino acids or casein may increase efficiency of microbial crude protein (MCP) synthesis in the rumen (Bergen et al., 1982) . However, little is known concerning the effect of inclusion of slowly degradable protein sources in ruminant diets on efficiency of bacterial growth. Protein requirements are greatest for the growing calf or lamb during stages of growth when forages comprise a relatively high proportion of the diet. Two important factors affecting ruminal digestion of forages are particle size and level of 1 Dept. of Anita. Sci.feed intake. Grinding forages generally decreases ruminal fluid-phase dilution rate (D) but increases particulate D and decreases extent of ruminal digestion (Blaxter et al., 1956 ; Hogan and Weston, 1967) . Increasing feed intake also results in faster D (Grovum and Williams, 1977) . Increasing D of particulate or fluid digesta may increase efficiency of MCP synthesis (Bergen et al., 1982) . Consequently, particle size and level of feed intake may also affect efficiency of ruminal MCP production. Studies evaluating effects of level of feed intake and forage processing in the same experiment Alwash and Thomas, 1974) have shown depressions in ruminal digestion of organic matter (OM) and fiber due to decreased ruminal retention times associated with greater feed intakes or smaller forage particle size. However, possible interactions of these factors on ruminal digestion have not been elucidated.
It is uncertain how inclusion of protein sources that vary in ruminal degradability affects digestion of forages under these conditions. The objectives of the current study were to determine main effects and interactions of forage particle size, protein source N degradability and level of feed intake on ruminal and total tract digestion in steers.
Materials and Methods
Ruminal and total tract digestion of experimental diets were determined using four Hereford (350 kg) and four Angus-Hereford (550 kg) steers fitted with cannulae in the rumen and proximal duodenum. Steers were blocked by weight group and randomly allotted to one of eight combinations of three dietary factors for each of four periods, with restrictions that no animal received the same treatment twice and that treatment combinations remained balanced between blocks after four periods (two observations of each treatment combination per block). A randomized incomplete-block design with a 23 factorial arrangement of treatments was used. Model sums of squares were partitioned into single degree of freedom (df) comparisons for three main effects and four interactions. Data also were blocked by period (3 df) and animal nested within weight group (6 dr).
Three thousand kilograms of baled prairie grass hay were ammoniated {30 g ammonia (NH3)/kg dry matter (DM)] in a silo press bag for 2 wk. Prairie hay was chosen because of its low crude protein content (5% on a DM basis). It was ammoniated to increase DM digestibility and non-protein N content to allow adequate ruminal NH 3 concentrations for optimal microbial growth. Because ammoniated hay contained 15.5% crude protein, non-ammoniated prairie hay also was incorporated into the diets to decrease N content. Ammoniated and non-ammoniated hay were either ground through a hammer mill (1-cm screen) or chopped with a forage chopper (5.08-cm screen). Protein sources comprised 20% of diet DM and remaining ingredients were included to balance diets to contain 15% crude protein (table 1) . Particle size of ground and chopped forages was determined using a dry-sieving technique (Waldo et al., 1971) . Because ground hays, both ammoniated and non-ammoniated, lost approximately .9 percentage units of crude protein during grinding, ammoniated hay comprised a higher percentage of the groundthan of the chopped-hay diets. Dry corn gluten feed (DCGF) and dry distillers gains (DDG) were chosen as protein sources because they have a similar amino acid composition (Anonymous, 1975 (Anonymous, , 1981 but DCGF-N is more rapidly degraded in the rumen than is that of DDG (Firkins et al., 1984) . Casein, which has a different amino acid pattern but is very rapidly degraded in the tureen, was added to DCGF diets to make protein supplements isonitrogenous. A cracked corn-based supplement was fed to provide supplemental minerals and vitamins. Samples of all feeds were taken daily 2 d before and during each collection period and composited for nutrient analysis. Diets were fed in equal portions every 2 h using automatic feeders (Stokes et al., 1979) to establish approximate steady-state conditions in the gastrointestinal tract. Diets were fed at 90 or 60% of ad libitum intake of the lowest-consuming steers in each weight group (8.2 vs 5.4 and 6.4 vs 4.2 kg DM intake/d for high-vs low-intake treatments for the heavier and lighter steers, respectively).
Steers were allowed 10 d dietary adaptation at the beginning of each experimental period. Cobalt ethylenediaminetetraacetate (Co-EDTA) was prepared (Uden et al., 1980) and mixed (.56 g Co) with the diet daily for use as the duodenal fluid-phase flow marker. Chromic oxide (Cr 203) was used as the particulate-phase marker (.15% of diet DM). On d 11 to 15 of each period, duodenal samples (350 ml for the heavier steers and 300 ml for the lighter steers) were collected every 6 h and composited. On each successive day, collection started 70 min later so that 20 samples were obtained around a 24-h time period. Fecal grab samples (200 g) were taken twice daily such that a sample was obtained for every 140-rain interval of a 24-h time period (10 samples). Feeding of Co-EDTA and Cr 203 was discontinued on d 16. On d 18, ytterbium chloride (YbC13" 6H2 O) was dissolved in distilled water and sprayed on 1/13 portions of the diets (1 g Yb). After these portions were consumed as a single meal, 167 ml Co-EDTA solution (.95 g Co) was pulsedosed via the ruminal cannulae. Immediately before pulse-dosing of passage rate markers and at 4, 8, 12, 24, 30 and 36 h post-dosing, ruminal samples (400 ml) were taken with a core sampler. A .75-m conduit pipe (3.5-cm id), which had a wire inserted inside and connected to a stopper at the bottom, was inserted through the ruminal fistula. The stopper was removed, the pipe pushed through the digesta to the bottom of the rumen and the bottom plugged with the stopper. This technique enabled a representative "core" sample of ruminal contents to be obtained. Additional ruminal contents (500 ml) were taken at the 0-, 30-and 36-h sampling times and squeezed through two layers of cheesecloth. Fifty milliliters ruminal fluid from these samples were acidified with 3 ml 6 N HC1, composited and centrifuged at 27,000 x g for determination of ruminal NH 3 (Chancy and Marbach, 1962) and volatile fatty acid (VFA) concentrations (Erwin et al., 1961) . A Varian ~ Model 4600 automated gas chromatograph equipped with a hydrogen flame ionization detector was used to quantify VFA. It housed a stainless steel column (180 cm long • 3mm od) packed with Chromosorb W (60 to 80 mesh) coated with 20% Tween 80 and 2% phosphoric acid. Helium was used as a carrier gas with a flow rate of 40 ml/min. The oven temperature was 125 C. The remaining ruminal fluid was composited by animal and centrifuged at 500 • g and 27,000 x g for isolation of bacteria-rich fractions as described by Firkins et al. (1984) . The bacterial isolates were freeze-dried and analyzed for N (AOAC, 1975) and nucleic acid content (Zinn and Owens, 1982) . Total duodenal contents were centrifuged at 500 • g to separate fluid from particulate matter. While duodenal fluid was being continuously stirred with a homogenizer, subsamples were taken for determination of N, NH3 (Chaney and Marbach, 1962) and Co (Uden et al., 1980) contents. Also, ten milliliters were taken, freeze-dried and analyzed for nucleic acid content (Zinn and Owens, 1982) and 100 ml were dried at 90 C and analyzed for Cr2 03 (Williams et al., 1962) . This allowed correction for Cr203 flowing with the fluid phase, the flow of which was quantified using Co-EDTA as the reference marker. Duodenal particulate matter and fecal samples were dried at 60 C in a forced-air drying cabinet and ground in a Wiley mill (2-mm screen). Feed, duodenal particulate matter and fecal samples were analyzed for DM, Kjeldahl N and OM (AOAC, 1975) and for neutral detergent fiber (NDF; Goering and Van Soest, 1970) . Cracked corn supplement and duodenal and fecal samples were analyzed for Cr2 03 (Williams et al., 1962) . Nucleic acid content (Zinn and Owens, 1982) of duodenal particulate matter was determined. Composite feed samples, duodenal particulate matter, bacterial isolates (.15 g each) and duodenal fluid (10 ml, freeze-dried) were hydrolyzed for amino acid analysis with 15 ml 6 N HC1 (previously bubbled with N 2 for 15 rain) at 110 C for 22 h in sealed test tubes evacuated with N2. Hydrolysates were millipore-filtered and adjusted to pH 2.2 with citrate buffer containing NaOH. Amino acid concentrations were determined on a Beckman 4 6300 amino acid analyzer. Ruminal contents were squeezed through eight layers of cheesecloth. The particulate matter was dried (60 C), ground (2-mm screen)and analyzed for Yb by atomic absorption spectrophotometry as described by Firkins et al. (1984) . Fluid was analyzed for Co (Uden et al., 1980) . Ruminal particulate and fluid D were calculated as the slope of the regression of the natural logarithm of Yb and Co concentrations, respectively, over time. The antilogarithm of the y-intercept of Co regression was divided into the amount of Co pulse-dosed for calculations of rumen fluid volume. All flow calculations were based on Cr203:g DM or Co:ml liquid ratios, as described by Faichney (1975) .
Statistical analyses were performed using analysis of variance obtained from the General Linear Models procedure, and Pearson correlation coefficients from the Correlation procedure (SAS, 1982) . Means were compared using the F test-protected, Least Significant Difference method (Carmer and Swanson, 1973) .
Results and Discussion
Essentially no chromic oxide was present in fluid fractions of duodenal samples. Chromic oxide does not associate exclusively with either particulate-or fluid-phase digesta (Ellis et al., 1982) but flows predominantly with the particulate phase (MacRae and Armstrong, 1969). Our method of separating duodenal particulates from fluid (centrifuging at 500 x g) may have separated small particles and Cr2 03, which ordinarily flow with the fluid phase, into the particulate fraction. However, such an error should be distributed evenly across treatments. Therefore, duodenal particulate flow was based on Cr20s content without correcting for Cr20a in the fluid phase.
In order to maintain isonitrogenous diets while using the same percentage of ammoniated ~ and non-ammoniated hays (table 1) , it would have been necessary to add urea to ground hay z diets rather than varying levels of hay. Because ground hays contained less N, it is likely that more leaf tissue was lost during processing than ~' o occurred with chopped hays. Other researchers have noted lower N content due to forage processing, attributing this to loss of leaves ~_ (Beever et al., 1981 ; Jaster and Murphy, 1983) . Forage stems are less digestible than are leaves (Laredo and Minson, 1975 ) so the relative ~-digestibility of ground hay would probably be z u, slightly lower than would that of chopped hay o given similar retention times in the tureen.
,.~ When ammoniated or non-ammoniated hay ~. (ground to pass a 2-mm screen) were incubated m in situ into the same four steers, 35.2 and o 56.]% of the original DM, respectively, remained after 27 h of mminal exposure. This ,~ would suggest that there would be approximately a 21% difference in ruminal hay DM a: digestibility due to ammoniation. Theoretically, this would result in a 1.5% (21% • 7% difference in ammoniated hay level in the diet) greater ruminal DM digestibility of ground vs chopped hay diets. The probable lower dio gestibility of ground hays due to greater leaf loss should have been offset by the 7 percent-~) age unit higher level of ammoniated hay in the a: K) diet, and the latter effect should not have significantly biased results due to hay processing. Lack of treatment differences in total tract OM or NDF digestion support this hypothesis.
No differences (P>.05) due to treatment were noted for particulate-or fluid-phase ruminal D (table 2). Level of intake had relatively less effect on ruminal passage rates in this study than in previous reports (Grovum and Williams, 1977; Mudgal et al., 1982; Staples et al., 1984) . On average, steers fed at high intakes were fed at about 1.6% of body weight but intakes greater than 1.75% of body weight may be necessary to elicit responses in ruminal z D due to feed intake (F. N. Owens and A. L. Goetseh, personal communication). Higher intake levels also may be required for differences in ruminal D to occur due to forage processing. Duodenal fluid flow and ruminal fluid volume were greater (P<.05) for steers receiving diets at high vs low levels of intake,
probably due to greater saliva production and water consumption. The higher (P<.05) ruminal NH 3 concentration observed for steers fed DCGF than for those fed DDG reflects the faster degradability of DCGF protein. Total VFA concentrations tended (P<.10) to be higher for steers fed at high intakes. A linear increase in VFA concentrations with increased intake was reported by Staples et al. (1984) , probably due to increased quantity of substrste available for fermentation. Treatment differences in molar proportions acetate and butyrate, while statistically significant, are low in magnitude and may be biologically insignificant.
Processing of hay had no effect on molar proportions of individual VFA in the current study. Osbourn et al. (1976) noted that grinding forages resulted in a decreased molar ratio acetate:propionate. However, the acetate:propionate ratio was increased with more frequent feeding (Kaufmann et al., 1980; Goetsch and Galyean, 1983) . The frequent feeding pattern used in this study may have caused the lack of response in molar proportions of VFA, which would be anticipated due to hay processing by animals given ad libitum access to feed.
Organic matter intake and duodenal OM flow were not affected (P> .05) by processing method (table 3) . Apparent ruminal OM digestion and percentage of digestible OM disappearing in the rumen were greater (P<.05) for steers fed ground-vs chopped-hay diets. Because no differences were noted for ruminal particulate D (table 2) and because of the frequent feeding pattern used, both ground and chopped hay particles were probably retained in the rumen for the same length of time. Therefore, greater surface area per gram DM of ground hay should allow more rapid colonization by ruminal microbes and, subsequently, more extensive fermentation of ground vs chopped hay. Correcting total duodenal OM flow for bacterial OM did not change relationships for any main effects (data not shown).
Greater NDF intakes (P<.05) by steers fed chopped-hay diets occurred due to slightly greater DM intakes and slightly greater NDF concentrations in chopped hay (66.8, 68.9, 73.8 and 74.3% NDF for ammoniated-ground, ammoniated-chopped, ground and chopped hays, respectively). Steers fed ground-hay diets had lower (P<.05) duodenal NDF flow and higher (P<.05) ruminal NDF digestibilities than did those fed chopped hay (% intake and % total NDF digestion). As stated previously, this is probably due to greater surface area of ground vs chopped hay. Because prairie hay contained 67 to 74% NDF, more extensive ruminal NDF digestion accounts for most of the increase in ruminal OM digestion in steers fed ground-vs chopped-hay diets. Increased postruminal digestion of cell walls due to smaller forage particle size has been reported (Beever et al., , 1981 Thomson et al., 1972) . These effects are probably due to decreased ruminal retention times and consequent escape of digestible cell wall material to the lower tract. Lack of differences in D due to hay processing in the current study explains why no shift in site of NDF digestion to the lower tract was observed with chopped vs ground treatments.
Organic matter intake, OM flow, NDF intake and NDF flow to the duodenum were greater (P<.05) for the high vs low level intake (table  3) . Apparent ruminal NDF digestior/, expressed as a percentage of intake or as a percentage of digestible NDF, was lower for steers fed high vs low levels of intake. Because significant protein source • intake interactions were detected, these results will be discussed later.
Organic matter intake was not different (P>.05) but OM flow to the duodenum was lower (P<.05) for steers fed DCGF vs DDG (table 3) . Apparent ruminal OM digestibility was higher (P<.05) for steers fed DCGF-than for those fed DDG-containing diets. Greater intake of NDF by steers fed DDG diets than by those fed DCGF diets was due to a slightly higher NDF content of DDG relative to DCGF (45 and 40% of DM, respectively). No difference due to protein source was noted for percentage ruminal NDF digestion (% NDF intake). However, steers fed DDG diets had greater (P<.05) total NDF digestibilities and lower percentages of total NDF digestion occurring before the duodenum than did those fed DCGF diets. These results will also be discussed later.
Duodenal NH3-N flow (table 4)was higher (P<.05) for steers fed ground-vs chopped-hay diets, probably due to a greater amount of NH 3 arising from a greater percentage of ammoniated hay in these diets. Feeding ground forages generally results in increased duodenal N or amino acid flows compared with feeding chopped forages (Osbourn et al., 1976; Beever et al., 1981) . However, this was not observed in the current trial, probably because the (table 4) . When expressed as percentages of N intake, level of DM intake had no effect on duodenal NANBN or N flows or total N digestion. Increased DM intake has resulted in increased quantity of feed protein escaping ruminal digestion (Miller, 1973; Tamminga, 1979) , probably because of faster passage of ruminal particulate matter. Passage rate differences were not detected in our study, explaining lack of treatment differences in proportions of dietary N escaping the rumen due to level of intake.
Bacterial N:nucleic acid ratios were affected (P<.05) by weight group and period (data not shown), so individual ratios obtained from each steer were used to calculate bacterial N flows. The ~ average N:nucleic acid ratio in bacterial isolates was 1.15 + .20. Microbial OM flows were subtracted from total duodenal OM flows to calculate efficiency of microbial growth on a truly digested OM basis. Duodenal flows of bacterial N in both fluid and particulate matter were greater (P<.05) for steers fed high vs low level of intake (data not shown). Although total bacterial crude protein flow was greater (P<.05) in steers fed at high intakes, efficiency of bacterial growth was not affected (P>.05) by level of intake.
Steers fed DDG, compared with those fed DCGF, had greater (P<.05) duodenal particulate-phase N flow, lower (P<.05) NH3-N flow and greater (P<.05) NANBN and total N flows to the duodenum (table 4). Assuming that casein addition (2.8% of diet DM) had a small effect, this corroborates previous work (Firkins et al., 1984) which shows that N of DDG escapes ruminal fermentation to a greater extent than does N of DCGF. Decreased duodenal N flow in steers fed DCGF probably resulted from increased ruminal degradability of DCGF vs DDG and, subsequently, greater NH 3 absorption across the ruminal wail. Because duodenal flow of bacterial crude protein was similar between steers fed DDG or DCGF, the trend (P<.06) for greater bacterial efficiency noted for the DDG treatment reflects the lower true ruminal digestion of the DDG diets.
Intake and flow of amino acids (AA) to the duodenum are presented in table 5. Amount of bacteria/ and duodenal AA flowing with fluid and particulate phases of digesta were calculated independently and then pooled. No differences (P>.05) in intake, bacterial flow or total duodenal flow of essential, nonessential or total AA (EAA, NAA and TAA, respectively) were detected due to hay processing.
Greater DM intakes by steers fed the high level of intake resulted in greater bacterial and total duodenal AA flows compared with those fed the low level of intake. Level of intake had no effect on bacterial and duodenal TAA flow, however, when expressed as percentages of TAA intake. These data corroborate the earlier conclusion that level of intake had no effect on NANBN flowing to the duodenum.
Steers fed DDG, compared with those fed DCGF, had greater (P<.05) intakes of NAA and TAA (table 5). Steers fed DDG had greater (P<.01) duodenal flows of EAA, NAA and TAA than did those fed DCGF diets. Because dietary treatment had no effect on bacterial AA flow or duodenal fluid-phase AA flow (data not shown), these data verify the greater ruminal escape of DDG vs DCGF AA. ThreonJne, glycine and lysine flow were the only values not affected (P>.05) by protein source, most likely due to the high concentrations of these AA in bacterial protein. Flows of threonine and glycine were similar to their intakes (data not shown) but bacterial flow of lysine was greater than dietary intake (37.1 and 35.9 g/d bacterial flow vs 24.9 and 17.6 g/d dietary intake of lysine from DCGF and DDG treatments, respectively). The greater lysine intake of DCGF treatments is due to addition of casein to these diets.
Concentrations of individual AA in isolated bacteria (data not shown) were not affected (P>.05) by treatment and were very similar to those reported by Bergen et al. (1968) . Bacterial protein also had similar concentrations of total EAA compared with total NAA, whereas diets used in this study had about 20% higher concentrations of total NAA than total EAA. Total AA flow to the duodenum was about 32% greater than TAA intake across treatments. Thus, ruminal microbes utilized considerable amounts of dietary or recycled non-protein N for amino acid biosynthesis and improved the Protein source x intake interactions (P<.05; table 6) were detected for apparent ruminal OM digestion (% OM intake) and OM and NDF digestion in the rumen (% total OM or NDF digestion). At lower intakes, a trend (P<.ll) for greater ruminal OM digestion and higher (P<.05) proportions of the total OM and NDF digestion of DCGF diets occurred in the rumen than at higher intakes. This effect was not detected when DDG diets were fed. Firkins et al. (1985) showed that NDF disappearance from dacron bags was greater for DDG than for DCGF at 9-and 18-h ruminal exposure. Firkins et al. (1984) noted that ruminal NDF digestibility tended to be lower for DCGF than for DDG diets. Because DCGF and DDG both contain most of the original fiber from corn grain (Anonymous, 1975 (Anonymous, , 1981 , only differences in processing should affect fiber digestibility in these feeds. Acid treatment during wet-milling (Anonymous, 1975) may have hydrolyzed some of the DCGF hemicellulose, resulting in a residual NDF fraction that was more resistant to microbial fermentation than was DDG fiber. Considering that ruminal NDF digestibility was unaffected due to protein source in this study, along with above evidence that suggests that NDF of DCGF is often less digestible in the rumen than is that of DDG, it may be hypothesized that passage rate, rather than fermentation rate, limited extent of ruminal NDF digestion for both treatments in this study. Total NDF digestion was greater (P<.05) for steers fed DDG vs DCGF, indicating that NDF in DCGF escaping ruminal digestion may be less readily fermented by hindgut bacteria than is escaped DDG fiber. Another explanation may be that greater amounts of NANBN (table 4) presented to the duodenum of steers fed DDG diets may stimulate hindgut fermentation of NDF if a significant fraction of NANBN is not absorbed in the small intestine. Santos et al. (1984) showed that much greater amounts of total AA disappeared in the large intestine of dairy cows fed DDG diets than for those fed diets containing soybean meal (SBM), corn gluten meal or wet brewers grains. Plegge et al. (1985) noted that when SBM was replaced with roasted SBM in steers diets, both ruminal escape of protein and total tract NDF digestion increased.
A processing • intake level interaction (P<.02) was noted for duodenal fluid-phase N (table 6) . The interaction occurred when chopped hay was fed at high-intake levels, with fluid N flow to the duodenum being lower (P<.05) when DCGF vs DDG was included in the diet. This interaction is probably due to the trend (P<.25) for lower fluid flow for steers fed chopped hay-DCGF vs chopped hay-DDG diets at high intakes (97.2 vs 88.0 liters/d, respectively). Although no differences in ruminal D due to treatment were detected, individual values for particulate D ranged from 2.4 to 7.0 %/h and fluid D ranged from 5.8 to 15.5 %/h in this study. Apparent OM digestion in the rumen (% OM intake) was negatively correlated with fluid and particulate D (r = --.34 and -.57; P<.05 and .01, respectively; table 7). Apparent N digestion in the rumen was negatively correlated with particulate D (r = --.34). These negative correlations indicate that extent of ruminal OM, NDF and N digestion are, in part, controlled by ruminal passage rates. A positive relationship (r = .75; P<.01) was noted between true ruminal OM digestion and ruminal NH3 concentration, but a negative relationship (r = -.44; P<.01) was observed between apparent ruminal N digestion (% intake) and ruminal NH 3. Higher levels of ammoniated hay in ground-vs chopped-hay diets, and more rapid proteolysis of DCGF vs DDG, may explain these relationships because steers fed ground hay or DCGF treatments had higher apparent ruminal OM digestibilities than did those fed chopped hay or DDG treatments, respectively. Bergen et al. (1982) noted that increased efficiency of microbial growth often occurs with increasing ruminal fluid-or particulatephase D due to relatively lower maintenance energy requirements of bacteria (lsaacson et al., 1975) . Highly significant correlations (both r = .64; P<.01) between both fluid and particulate D and efficiency of MCP synthesis reflect a close relationship between these variables in the ruminal environment within individual steers, regardless of treatment. Fluid-and particulatephase D were highly correlated (r = .72; P<.O1). A similar relationship was noted by Mees and Merchen (1984) in sheep. This may be due to enhancement of outflow of soluble or small particulate feed components by increasing fluid outflow (Teeter and Owens, 1983) . Fluid D and ruminal volume were negatively correlated. This relationship, has often been observed (F. N. Owens and A. L. Goetsch, personal communication), and may be due to an interaction in control of ruminal volume and dilution rate, maintaining a constant fluid flow to the duodenum in individual steers.
This study did confirm that the lower tract is an important site of fiber digestion in the ruminant. In every treatment combination, incorporating DDG vs DCGF in the diet increased NANBN and total N flows to the duodenum. Feeding DDG in a high-forage diet may increase quantity of fiber digested in the hindgut, but it is not known whether this effect is due to the escape of DDG fiber or protein.
Significant interactions indicate that levels of feed intake may affect results obtained in experiments where forage particle sizes and protein sources are evaluated. Effects of forage processing on nutrient digestion should not be generalized since very fine grinding and(or) levels of intake near ad libitum may be necessary to elicit these responses.
